The relation between cigarette smoking and several malignancies is still unclear. We examined the association of cigarette smoking with death attributed to 15 cancer sites, 7 of which are regarded as having an uncertain relation with tobacco.
introduction
The study of the association between tobacco smoking and cancer has a longer research tradition than is often recognised: case series accounts of a higher than expected occurrence of lip cancer among pipe smokers were made at least two centuries ago [1] . The first empirical investigation of risk appeared in the late 1930s when carcinoma of the lung was found to be more prevalent in men who smoked relative to their non-smoking counterparts [2] . Published later, Doll and Bradford Hill's work from the early 1950s is perhaps best known as identifying tobacco as a risk factor for lung cancer in case-control [3] and, subsequently, cohort studies [4] .
More recently, cigarette smoking has also been shown to be related to an elevated risk of some less common but nonetheless important malignancies, including carcinoma of the stomach, pancreas, bladder, oesophagus, and kidney [5] [6] [7] [8] . For several of these sites, the observational evidence, coupled with data from animal experimentation, is regarded as sufficiently secure for the effects of smoking to be described by some commentators and research agencies as causal, even for those tissues which do not fall into direct contact with tobacco smoke [5] [6] [7] [8] . Despite apparent biological plausibility, uncertainty still exists as to the influence, if any, of smoking on other malignancies, including prostate, colon, rectum, brain, skin, and lymphoma. For many of these outcomes, this inconsistency of evidence may be at least partially ascribed to a paucity of sufficiently powered cohort studies.
In the Whitehall study, >19 000 male London-based government employees aged 40-69 years participated in a medical examination in the 1960s which included collection of a smoking history and a range of collateral data [9] . In extended (maximum 38 years) mortality surveillance of this cohort, there have been >3000 cancer deaths. These data afford us the rare opportunity of examining links between cigarette smoking and the afore-mentioned group of cancers for which a degree of uncertainty about the relation remains. Having extended mortality surveillance is of particular benefit when exploring the association between smoking and malignancies which are thought to have a particularly long induction period, such as cancer of the colon and rectum [10] .
patients and methods
study population
In the Whitehall study, data were collected on 19 019 nonindustrial London-based male government employees aged between 40 and 69 years when examined between September 1967 and January 1970, representing a 74% response. This involved the completion of a study questionnaire and participation in a medical examination, both of which have been described in detail elsewhere [9] . In brief, the questionnaire included enquiries regarding civil service employment grade (an indicator of socioeconomic position [11] ), intermittent claudication [12] , angina, chronic bronchitis [13] , marital status [14] , physical activity [15] , unexplained weight loss in the preceding year, and prescribed drug use. A series of questions pertaining to smoking were included in the questionnaire from which it was possible to determine whether or not the respondents had ever smoked, and, where applicable, the number of cigarettes smoked per day, and the duration of smoking (both for former and current smokers) [16] . Height, weight, forced vital capacity [17] , ischaemia, fasting plasma cholesterol [18] , postchallenge 2-h blood glucose [19] , and blood pressure [20] were all determined using standard protocols which have been previously discussed. Diabetes was defined as blood glucose two hours after the glucose load of ‡11.1 mmol/l ( ‡200 mg/100 ml) and/or a positive response to the questionnaire enquiry ''Are you, or have you been, diabetic?'' Body mass index was computed using the usual formulae [weight (m)/height (kg Taking a similar approach to that used elsewhere [25] , and on the basis of existing reviews [5] [6] [7] [8] , we divided cancer sites into a group which has been shown to have an established relation with cigarette smoking [eight malignancies: lung, stomach, pancreas, bladder, upper aero-digestive (including oesophagus), kidney, myeloid leukaemia, and liver] and a group for which this relationship may be regarded as uncertain (seven malignancies: colon, rectum, lymphoma, brain, melanoma, prostate, and lymphatic leukaemia), with an emphasis of our analytical efforts on the latter.
data analyses
A total of 17 985 men with mortality follow-up had data for smoking habit and all potential covariates. To simplify data interpretation, we dropped 622 men who reported smoking pipes or cigars. In addition, the cause of death for 41 men was unknown and they were also excluded, resulting in an analytical sample of 17 322 (91.3 % of those surveyed). Forty-nine former smokers and 30 current smokers with missing information on duration of tobacco consumption were also dropped but from specific analyses only.
We examined the relation of cancer risk with three smoking exposures: cigarette smoking status (never, former, and current); intensity (maximum number of cigarettes smoked per day for at least a year in former smokers and usual number of cigarettes smoked per day in current smokers); and duration (years of smoking in former and current smokers). The prevalence of baseline characteristics according to cigarette smoking status was adjusted for age (5-year age groups) using direct standardisation with the total study population as the standard. For continuous variables, leastsquares means were used to present the age-adjusted means. Differences in the proportions or means between the never smokers and the former or current smokers were tested for significance by using a logistic regression (or least-squares regression for the continuous variables) adjusted for age and assessing the significance of the former and current smoking terms. Hazard ratios (HRs) and accompanying 95% confidence intervals (CIs) were computed for the relation of each of the smoking exposures with each cancer outcome using Cox proportional hazards regression model [26] with follow-up period as the time scale. In addition to age, adjustments were made for employment grade, physical activity, body mass index, marital status, systolic and diastolic blood pressure, cholesterol, forced expiratory volume, impaired glucose tolerance, diabetes, and disease at study entry. All statistical analyses were conducted using SAS computer software [27] .
results
In Table 1 , we show the relations between cigarette smoking status and study characteristics. In comparison to never smokers, currently smoking men were older, leaner, shorter, less active, of lower socioeconomic position, more likely to have a co-morbidity, and have lower lung function; conversely, current smokers had lower blood pressure levels. Former smokers generally had less favourable characteristics than never smokers. Table 2 depicts relations between cigarette smoking and cancer sites in the Whitehall study which are widely regarded as established. In all analyses of the association between smoking and site-specific cancer mortality, differences in HRs between age-adjusted and multiply-adjusted models were small. Positive associations were apparent for cigarette smoking and each cancer mortality end point in Table 2 , although, for some, statistical significance at conventional levels was not seen. Thus, current cigarette smoking was related to an elevated risk of carcinoma of the lung, stomach, bladder, myeloid leukaemia, and upper aero-digestive region (including oesophagus). Rates of death from pancreatic and liver cancer were also elevated in current smoking but CIs included unity. Incremental effects across the three smoking status groups (never, former, and current) were apparent for lung cancer and myeloid leukaemia. Carcinoma of the lung and upper aerodigestive region were positively related to number of cigarettes and duration of smoking (lung cancer only) in current smokers. Correlating cigarette smoking with all individual sites reported in Table 2 as a collective outcome resulted in a dose-response region effect across the smoking categories and a positive relation with number of cigarettes smoked per day and duration of smoking; a gradient that is likely to be generated by the very strong, and expected, smoking-lung cancer relationship. When we examined the relation between smoking and noncancer outcomes (results not shown in detail, but available on request), as expected, cigarette smoking was associated with elevated rates of mortality from all causes (HR current smoker versus never smoker ; 95% CI 1.79; 1.70, 1.88), coronary heart disease (1.58; 1.44, 1.73), and stroke (1.28; 1.08, 1.51).
In Table 3 , the relations between cigarette smoking and cancer sites in the Whitehall study which are generally regarded as uncertain are shown. In comparison to never smokers, being a former or current cigarette smoker at study induction was associated with an increased risk of death from carcinoma of the colon, rectum, and prostate. There was also some modest evidence that smoking was related to increased rates of mortality from lymphatic leukaemia, although not at conventional levels of statistical significance. Similarly, the suggestion that smoking conferred protection against melanoma-a stepwise gradient was seen-was, again, statistically nonsignificant. Once more, in analyses of the association between smoking and site-specific cancer mortality, differences in HRs between age-adjusted and multiply-adjusted models were modest. In Table 4 , the relation of cigarettes smoked and smoking duration in former and current smokers with malignancies with an uncertain association with this behaviour are shown. In both former and current smokers, number of cigarettes per day were positively related to rectal cancer. Rates of death from lymphatic leukaemia were also directly related to number of cigarettes smoked in current smokers, while other tobacco-cancer associations did not attain statistical significance.
discussion
The main aim of the present analyses was to examine the relation of cigarette smoking with death from cancers which have previously revealed uncertain relations with this behaviour. We also confirmed some previously established tobacco-malignancy associations. Of the uncertain smoking-cancer relations, there was evidence that rates of mortality from carcinoma of the colon, rectum, and prostate were raised in the current and/or former smokers. There was, however, essentially no apparent relation between smoking and brain cancer nor lymphoma.
The latest position statements and reviews [5] [6] [7] [8] were unable to rule out bias and confounding as likely explanation for the apparent association of cigarette smoking with cancer of the colon and rectum. In the present analyses, which is based on an almost complete follow-up of men with a reasonably wide range of social, physiological, and behavioural covariates, we found elevated rates of colon cancer (in current smokers) and rectal cancer (in former smokers); however, neither were significantly related to number of cigarettes smoked. Temporal trends recently described by Giovannucci [10] are consistent with an induction period of three to four decades between genotoxic exposure to tobacco smoke and the diagnosis of colorectal cancer. Furthermore, cohort studies with extended follow-up which runs to 30+ years tend to reveal positive smoking-colorectal cancer associations which are generally not seen in cohorts with shorter surveillance periods [10] .
plausible mechanisms
The mechanisms underlying the positive relations between smoking and mortality from some of the tumour sites featured in this report are likely to vary: cancer is not a single disease entity, as such there is unlikely to be a single unifying original article Annals of Oncology mechanism of tobacco-related carcinogenesis. The differential smoking-cancer relations by site may be at least partially ascribed to a differential duration of exposure to tobacco constituents and metabolites. For instance, the generally stronger relation of cigarette smoking with bladder cancer in comparison to cancer of the kidneys [5] , which was apparent in the present study, may be due to the substantially longer storage time of urine in the bladder. A similar argument, however, did not find support in analyses of smoking in relation to colon and rectal cancer. Here, one would speculate that tobacco metabolite-carrying faeces that are in longer contact with the mucosa of the colon than the rectum-where they are only briefly held before evacuation-would lead to a stronger relation with carcinoma of the colon but this was not the case.
study limitations
While the Whitehall study has a number of strengths-not least its prospective design, extended follow-up, and large size which offers higher statistical power than many other studies in the field-it is not without its shortcomings. Firstly, while it is reasonably well characterised, the Whitehall study lacks data on potentially important covariates relevant to the aetiology of some tumour types. For instance, well-documented risk factors for stomach cancer, which also correlate with smoking habit, include Helicobacter pylori infection, a higher consumption of alcohol and salt-rich food, and, possibly, a lower intake of fruit and vegetables [28] . While we had data on dietary characteristics, including alcohol consumption, these were only available in a subgroup of study participants (N 1500), which was too small to facilitate analyses with the cancer types featured in the current analyses. Secondly, smoking may have a differential impact on some cancers when division is made by anatomical or histological site; however, our end point data were taken from death certificates which, in the UK, do not offer this level of resolution. Thirdly, because the cancer outcomes herein were based on mortality, they therefore reflect a combination of incidence and survival rather than purely disease aetiology. Finally, because data on smoking habit were captured during a single baseline assessment rather than repeat measurement, there is likely to have been some exposure misclassification. Provided this misclassification is nondifferential with respect to the cancer of interest-which we believe it to be-it will have resulted in an underestimation of smoking-disease risk. Although the original Whitehall study participants were re-surveyed in older age [29] , there are too few cancer deaths in men who provided information on smoking at both time points to facilitate analyses of these habits with subsequent tumour mortality rates.
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